. Combined with the reduced dimensionality, the latter stabilizes the superconducting state against magnetic fields up to ~35 T and could lead to other exotic properties such as nodal and crystalline topological superconductivity [9] [10] [11] [12] [13] [14] . Here, we report transport measurements of few-layer NbSe 2 under inplane external magnetic fields, revealing an unexpected two-fold rotational symmetry of the superconducting state. In contrast to the three-fold symmetry of the lattice, we observe that 2 the magnetoresistance and critical field exhibit a two-fold oscillation with respect to an applied in-plane magnetic field. We find similar two-fold oscillations deep inside the superconducting state in differential conductance measurements on NbSe 2 /CrBr 3 superconductor-magnet junctions. In both cases, the anisotropy vanishes in the normal state, demonstrating that it is an intrinsic property of the superconducting phase. We attribute the behavior to the mixing between two closely competing pairing instabilities, namely, the conventional s-wave instability typical of bulk NbSe 2 and an unconventional d-or p-wave channel that emerges in few-layer NbSe 2 . Our results thus demonstrate the unconventional character of the pairing interaction in a few-layer TMD, opening a new avenue to search for exotic superconductivity in this family of 2D materials.
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In the conventional BCS theory of superconductivity, the pairing state is characterized by the breaking of an U(1) symmetry related to fixing the phases of the Cooper-pairs wave-function. Yet, several superconductors break additional symmetries, leading to new forms of superconductivity.
Symmetry breaking in a superconductor may arise through intrinsically anisotropic pairing channels, as well as through coupling between different channels promoted by external perturbations. Hexagonal NbSe 2 is a member of the transition metal dichalcogenide (TMD) family that exhibits superconductivity 15 and charge-density wave order [16] [17] [18] from bulk to monolayer forms. In bulk, NbSe 2 is believed to be in the s-wave pairing state 19 . However, in few-layer hexagonally-stacked 2H-NbSe 2 , the underlying crystalline symmetries give rise to distinct electronic properties. For example, odd-layer-number NbSe 2 lacks inversion symmetry (Figures 1a,b) , which leads to a spin-orbit interaction that polarizes the spins of different valleys in different out-of-plane directions 7 , as illustrated by the Fermi surface plotted in Figure   1c . This so-called Ising-SOC stabilizes the superconducting state against in-plane magnetic fields far exceeding the Pauli paramagnetic limit imposed by conventional superconducting theory 20, 21 . This effect 3 becomes stronger as the monolayer limit is approached 7, 22 . In addition to Ising superconductivity [9] [10] [11] , other unique superconducting properties such as field-induced mixed-parity states 23, 24 and nodal topological superconductivity have been theoretically proposed [12] [13] [14] 25 . However, other than the stability of the superconducting state against high fields, little is known experimentally about the nature and symmetry of the pairing state in few-layer NbSe 2 .
In this work, we report two-fold-periodic superconducting properties of few-layer encapsulated Figure 1e ), an hBN-encapsulated five-layer NbSe 2 sample, used for magneto-transport measurements. Figure 1g shows Device 2 (schematic in Figure 1h ), a magnetic tunnel junction, which consists of a normal metal (Pt), bilayer CrBr 3 and trilayer NbSe 2 . CrBr 3 with H-stacking is a magnetic semiconductor 26, 27 (gap 0.6-3.8 eV 28 ) with a ferromagnetic ordering temperature of 36 K 29 and a magnetic anisotropy field (as reflected by the in-plane saturation field) ~440 mT [29] [30] [31] . For both types of devices, the NbSe 2 was exfoliated and encapsulated (see Methods for details) in Ar-filled gloveboxes (<0.1 ppm O 2 and H 2 0 concentration) to preserve a pristine nature for the NbSe 2 under study. The same approach was also followed for CrBr 3 in the case of the magnetic tunnel junctions. Figure 1i shows similar fourprobe data for the magnetic junction sample (Device 2). The four-probe resistance of the NbSe 2 flake measured as a function of temperature on a section non-overlapping with the CrBr 3 flake shows a superconducting transition with T c ≈ 5.5 K. The zero-bias differential conductance of the junction shows a similar onset temperature; however, the junction resistance saturates towards a finite value of 0.6 R N due to the finite resistance of the CrBr 3 bilayer in series with the NbSe 2 . The inset of Figure 1i shows the differential conductance (G) of the junction vs. d.c. bias at T=1.9 K. We fit the spectrum with the Blonder-Tinkham-Klapwijk (BTK) model, which considers both quasiparticle tunneling and Andreev reflection processes 33, 34 . The experimental data agree well with the fit except for the dip observed outside the superconducting gap. The small dip can be attributed to local heating in junctions with high transparency 35 . The superconducting gap extracted from this fit, of about 0.67 meV, is comparable to the T c value extracted from the resistance measurements.
Next, we discuss the magneto-transport properties of Device 1, probed under an in-plane magnetic field. Care was taken to rule out effects of an accidental out-of-plane component of the field (see Supplementary Sections 1, 2, 3, and 5). As the magnetic field is rotated in-plane (= 0 corresponds to magnetic field aligned along the NbSe 2 flake's longest straight edge), we observe a pronounced two-5 fold modulation of the magnetoresistance in the range between the onset and the offset of superconductivity (Figures 2a-e) , which is consistent across multiple samples. Such a modulation is well described by a sinusoidal function of the formcos (2θ + φ), as shown by the solid lines. As we varied the temperature for a fixed applied field amplitude of 8T, the angular modulation of the resistance (R) was suppressed when the resistance was outside of the superconducting transition region (see Figure   2d ). The phase of the oscillating signal also shifted slightly in Device 1 as a function of field and temperature (most apparent in Figures 2b and 2e ). The field angles at which the resistance maxima or minima were observed were not affected by the directions of voltage measurement, current, and material transfer. However, the field angle of minimum resistance does show a consistent alignment with the long straight edge of the crystal (see Supplementary Section 5). We expect the long straight edge may be associated with the direction of cleaving during exfoliation, which may align along the zigzag ( ⃗) or armchair ( ⃗⃗ ) directions.
The measurements described above were performed around T c , in a temperature regime where superconducting fluctuations are present. To verify that this effect persists at lower temperatures, a similar 5-layer device (Device 3, T c ≈ 6.4K) was studied at a temperature of 0.5 K in fields up to ~35T, revealing a similar modulation of the magneto-resistance with applied field angle ( Figure 2c and Supplementary Figure S4 ). For this device, we also studied the angular dependence of the critical field H c that suppresses superconductivity, defined as the field at which the resistance is 0.5R N (measured at T = 0.5K). H c () also showed two-fold periodicity (Figure 2c) . The oscillations of H c () and the magnetoresistance have a phase shift, such that at angles where superconductivity is hardest to suppress, H c is largest and the magnetoresistance is lowest, as expected. Importantly, these data indicate that the angle-dependence of the magnetoresistance is a good proxy for the angle-dependence of H c .
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To examine the possibility that small out-of-plane field contributions arising from misalignment could lead to these observations, the magneto-transport measurements were repeated in a canted configuration where the sample was intentionally canted by ~7-9 degrees out of the field rotation plane. The magnetoresistance oscillations in the canted configuration show a | sin(θ) | form, as expected from geometric considerations, which is in contrast with the cos (2θ + φ) dependence reported in the absence of canting (see Supplementary Section 1).
To confirm that the two-fold anisotropic features also emerge deep inside the superconducting state, we also studied the NbSe 2 /CrBr 3 junction (Device 2). In particular, we measured the differential conductance spectra under a 3T in-plane magnetic field as a function of the angle , defined in the same manner as for Device 1. We also studied a second type of junction with a ferromagnetic (Co/Pt multilayer) electrode (Device 4) (see Supplementary Section 7). At 3T, the value of the applied field is expected to be substantially larger than the in-plane saturation field (~440 mT) 29 for few-layer CrBr 3 , ensuring that its spins are oriented in the plane. Figure 3a summarizes the spectra in a color plot and shows a clear two-fold modulation, especially prominent at low bias smaller than or comparable to the superconducting gap. The angular dependence of the differential conductance at a fixed bias shows a clear contrast between biases larger or smaller than the gap (Figure 3b ). The normalized differential conductance at energies outside the gap (V=4mV > /e) has less than a 0.5% variation vs. angle, indicating negligible anisotropic differential conductance. In contrast, the angular dependence of the normalized conductance at energies inside the gap (V = 0 mV) shows a clear two-fold modulation which can be fit to a cos (2θ + φ)form (solid curve in Figure 3b ). Overall, this indicates that the two-fold modulation persists deep inside the superconducting state of NbSe 2 , consistent with the magnetoresistance and H c behavior.
The differential conductance spectra at θ = 45° and 135° (Figures 3c,d) up to the upper critical field (~38T). In all devices, the spectra evolved in a manner qualitatively identical to that in Figure 3d , implying there is no strong angle dependence of the tunneling spectra without magnetic barriers and electrodes. Similarly, any out-of-plane magnetic field due to misalignment would also lead to a monotonically decreasing gap and therefore cannot result in the large suppression of zero bias differential conductance and widening of the spectra under magnetic field observed in this study ( Figure 3c ). The strong two-fold angular periodicity of the tunneling spectra is unique to devices with a magnetic insulating barrier (Device 2) or a magnetic electrode (see Supplementary Section 7).
Having experimentally established the two-fold anisotropic character of the superconducting state of few-layer NbSe 2 , we now discuss its possible origin. One scenario is that the superconducting state spontaneously breaks the three-fold rotational symmetry of the lattice, i.e. it is a nematic pairing Regardless of which scenario is realized here -spontaneous nematic superconductivity or strong gap-mixing triggered by a small symmetry-breaking field -our results point to a significant contribution of an unconventional pairing mechanism to the superconducting state of few-layer NbSe 2 . This raises fundamental questions about the origin of such pairing interactions, and opens up fascinating prospects of combining them with non-trivial topological properties that have been predicted in the regime of high magnetic fields. Overall, our work reveals that few-layer TMDs provide a promising framework to realize and explore unconventional superconductivity.
Methods: Device fabrication
For the magneto-transport and critical field measurement devices, Cr/PdAu (1nm/7nm) bottom contacts were deposited on top of an atomically-clean piece of hexagonal boron nitride (h-BN) of thickness 20-80nm, above which a piece of 2H-NbSe 2 (commercial, from HQ Graphene) and h-BN (20-80nm) was subsequently transferred using the standard dry-transfer technique 37 . The NbSe 2 layer number was determined through optical contrast 41 calibrated by atomic-force microscopy. The NbSe 2 exfoliation and subsequent hBN-encapsulation is performed in an Ar-filled glovebox to minimize sample degradation. After completing the assembly process, the van der Waals (vdW) heterostructure was picked up from the PDMS substrate to the stamp at 50 °C. The stack was aligned and approached to a pre-patterned metal electrode at 50 °C followed by heating the substrate to 120 °C in order to release the stack. The pre-patterned metal electrodes of Ti (3nm)/Pt (70nm) were prepared by standard photolithography and electron-beam evaporation. The PPC layer on the device was dissolved by anisole.
Lastly, the device was single-side encapsulated by h-BN to prevent any degradation in air. All device fabrication procedures occurred in the glove box.
Measurements
The magneto-resistance measurements for Device 1 were performed using a Physical Properties Measurement System equipped with a rotating, variable-temperature sample insert and a 9T magnet. A standard lock-in technique was used with an a.c. current of 400 nA (3 A was used for the R vs. T in 
S2. Quantitative analysis of magneto-resistance to exclude plane misalignment
The general model for misalignment-induced magnetoresistance oscillations is shown in Figure   S2a where, due to misalignment angle ϕ, the normal vector nof the sample precesses in a cone with inplane rotation. This would lead to resistance maxima at the two angles corresponding to max out-of- 
S3. Shifting minima
Another piece of evidence against an out-of-plane effect was a shifting minimum angle in the data. For a purely out-of-plane effect, no shift should be expected -this is confirmed in Figure S3 for the canted Device 1, whose minima had a range of 4° (the resolution of the measurement). Instead, Device 1 without a cant showed a minimum range of 16° for temperature dependence with a general trend to the left, and the field dependence shows a range of 32°. Notable is that this phase shift with both temperature and field modulation implies a dependence on location along the superconducting transition, rather than being due to extrinsic effects. Resistance dependence on perpendicular and parallel fields were also studied at 0.5K ( Figure   S4b ). The out-of-plane critical field was ~4T, and the in-plane critical field was~27T. These two measurements were taken on the same holder, and immediately following one another, but with the holder turned 90° from the first to second measurement such that the rotation in-plane with the field became a rotation out-of-plane. 
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S7. Differential conductance measurements on Device 4
We present a second device which is constructed with a magnetic metal electrode (multilayer 
S8. Phenomenological Description of Superconducting Anisotropy in NbSe 2
Since we expect the behavior of few-layer NbSe 2 to be representative of the monolayer compound, as long as the inter-layer coupling is weak, we consider the point group of the latter, which is 3ℎ . This point group is non-centrosymmetric, reflecting the fact that it incorporates the effects of the Ising spin-orbit coupling (SOC).
The possible superconducting gaps, which we denote Δ Γ, ( ) , can be classified based on the irreducible representation Γ of 3ℎ under which they transform, as well as whether they correspond to spin-singlet (= ) or to spin-triplet (= ) Cooper pairs. in the monolayer ( = 0) limit. The singlet component of A 1 ' E' can be associated to an -wave ( -wave) gap, while the lowest harmonic in the triplet ′′ irrep can be associated with a -wave order parameter. Here we take one of the points to lie along the axis, i.e. = 0.
Here we focus on the Γ pocket (not to be confused with the irrep index), since we expect the gap associated with ± pockets to be isotropic 14 . The corresponding superconducting gap Δ( ) can then be expressed as:
where Δ Γ, ( ) is a complex scalar parameterizing the magnitude of the contribution to the superconducting gap from the irrep , in pairing channel . We take Θ Γ, ( ) ( ) to be functions of only the angle  with respect to the Brillouin zone center. Note that by particle hole symmetry, Δ( ) = −Δ (− ), which implies that Θ Γ, ( ) ( ) (Θ Γ, ( ) ( )) is an even (odd) function of .
The irreps relevant to our analysis here are shown in Table S8 .1. To make a connection with the usual classification of gaps in isotropic space, we note that these are an -wave singlet gap and -wave triplet gap in the A 1 ' irrep; a -wave singlet and a -wave triplet in the E' irrep; and -or -wave triplets in the E'' irrep. We have omitted most irreps corresponding to gaps that are non-uniform on the pockets, which do not contribute to the leading-order superconducting instabilities. 14 The exception is the E' irrep, which we keep because it couples to A 1 ' by strain, and the -wave gap in the E'' irrep, which can couple to the magnetic field, as these can generate a two-fold anisotropy in the superconducting gap. We have also kept only irreps relevant to the monolayer limit (i.e. independent of the ̂ direction).
A few remarks are in order. First, because of the Ising spin-orbit coupling, the A 1 ' and E' irreps contain both singlet and triplet gaps. The E'' irrep, however, contains only triplet components as the corresponding singlet gap cannot be realized in a -independent way. Second, the E' and E'' irreps are 2-dimensional, leading to two degenerate solutions to the gap equation.
In order to determine the form of the superconducting gap in the presence of strain and a magnetic field, we use a phenomenological approach, analyzing what terms quadratic in the superconducting gaps are allowed in the Ginzburg-Landau free energy. Within this approach the functional form of the gap is not determined, only the relative weights of each irrep. In practice, one of the terms within a given irrep in Table S8 .1 is usually dominant, and the rest can be dropped (which term is relevant is not determined within this approach). Here we focus on terms involving the singlet component of the gap in the A 1 ' ( -wave) channel, which we expect to be large compared to its triplet counterpart, and similarly assume that only one of any of the terms in the E' and E'' irreps is relevant.
We focus on the singlet -wave term in E' and the triplet -wave term in E'' as those give rise to the two-fold anisotropy in the spectrum. We can therefore drop the superscript on the coefficients in front of the gap function within a given irrep and label them asΔ 1 ′ , ′ , and ′′ , where the latter are 2-component vectors representing the doublet.
We assume that the dominant superconducting instability is in the A 1 ' irrep, which contains singlet -wave terms. Near the superconducting transition temperature (in the absence of a magnetic field or strain), the free energy has the form
Here   ( ) ∝ c, is the susceptibility associated with superconducting fluctuations in the irrep, with  c, being the corresponding transition temperature. We leave here the precise form of
unspecified. Our main assumption is that the leading superconducting instability takes place at a temperature , 1 ′ that is larger than , ′ and , ′′ .
In the presence of perturbations such as strain and magnetic field, which do not respect the 3ℎ symmetry, additional terms in the free energy that mix the different irreducible representations at quadratic order in the  m are allowed. We consider two mixing terms that can lead to a twofold anisotropy in the superconducting gap. 
where 1 is some coupling constant proportional to . Minimizing the resulting free energy with respect to Δ ′′, , we find that
and the total superconducting gap is
which is a mixture of the -wave singlet A 1 ' gap and the -wave triplet E'' gap. 
where 2 is some coupling constant. Minimizing the free energy leads to a mixed -wave and -wave superconducting gap
Again, small strains will only lead to a significant E' component in the superconducting gap if the A 1 ' and E' superconducting instabilities have similar transition temperatures. 
where and ′ are spin indices,
and , as above, is the angle measured from the center of the Γ pocket with = 0 corresponding to the direction towards the point. We use 3 = 40 meV, which is the Ising SOC value reported in the literature once averaged over all Fermi surfaces 22 .We also set = 0.4 eV, which gives = 2 /2 ≈ 2 0 when the wavenumber corresponding to the Fermi momentum is /ℏ = 0.45 Å −1 [S2]. Here, 0 is the electron rest mass. All these parameters were chosen so that the Fermi surface of the toy-model parabolic dispersion is similar to that obtained from first principle calculations 12, 22, 24 .These values should thus not be understood as actual parameters that a first-principle calculation would yield. The key point is that our conclusions do not rely on this set of parameter values, as they are used to illustrate the twofold gap anisotropy that must follow from mixing an A 1 ' gap with either E' or E'' gaps. Finally, for the magnetic field, we use = 1 meV, which is about 8.3 T.
The superconducting excitation spectrum is then given by the eigenvalues of the Bogolyubov-de Gennes (BdG) Hamiltonian:
where we use the Nambu-Gor'kov representation Ψ = ( , − † ) and ℋ( ) = ( ℋ 0 ( ) Δ( ) Δ † ( ) −ℋ 0 (− ) ).
We took Δ( ) as in Eqs. (5) and (7). We took the singlet -wave term for E' and the triplet -wave term for E'' from Table 1 . For all plots, we took Δ 1 ′ = 2 meV. For the mixed A 1 '/E' gaps, we took | ′ | = 0.2 meV and an uniaxial strain along the axis, ∝ (1,0). For the mixed A 1 '/E'' gap, the mixing is relatively weak unless the mixed gaps are close in magnitude; for this reason, we used | ′′ | = 1 meV in the plot.
Note that we plot the energy gap in the spectrum of (i.e. difference between bottom positive energy band and top negative energy band) along both the inner and outer Fermi surfaces. The resulting gaps on the inner and outer surfaces are identical within the resolution of the figure.
A second potential source of anisotropy comes from the spatial variations of the doublet gaps in the E' and E'' irreps, i.e. from the gradient terms of the Ginzburg-Landau free-energy. For the onecomponent A 1 ' irrep, the only allowed gradient term is of the form ℱ ∇ 
where Γ = E′, E′′. These terms can be understood as corresponding to the scalar, (axial) vector, and tensor components of the total derivative ∇ , assuming no dependence. Fourier transforming this expression, it follows that, in the presence of an external symmetry-breaking field such as strain, the total gradient term is also twofold anisotropic 40 .
